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Please delete the specification from page 1 to page IS as follows: 

SPECIFICATION 



TO WHOM IT MAY CO>JCER>J: 

B e it Icnown that I, Kyung Ju Choi, a oitiz e n of th e Unit e d Stat e s of America and r e sidont 

of J e ff e rson County, State of K e ntucky, whos e Post Office Addr e ss is 8 106 Running Spring 
Driv e , Louisvill e , Kentuolcy 102<11, hav e inv e nt e d o c e rtain n e w and us e ful apparatus, m e thod 
and product, nam e ly: 



TITLE OF INVENTION : SERIES ARRA>JGEME>fT FOR 

FORMING LAYERED FIBROUS MAT 

OF DIFFERING FIBERS AND 

CONTROLLED SURFACES 

CROSS REFERENCE TO 

RELATED APPLICATIONS = APPLICATION NO. 09/635,310, FILED 

0 8 /01/00 



STATEMENT REGARDI>JG FEDERi\LLY 
SPONSORED RESEARCH OR 

DEVELOPMENT = NOT APPLICABLE 

SEQUE^JCE LISTH^JG = NOT APPLICABLE 
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BACKGROU>JD OF THE I>JVENTION 

Th e pr e s e nt inv e ntion r e lat e s to a method, apparatus and product relating to fibrous mat 

and mor e particularly to a unique and nov e l arrang e ment for molcing fibrous mat in such a 
combined mann e r that th e r e sulting attenuat e d fibrous lay e red mat has fiber lay e rs, e ach of sel e ct 
fib e r size distribution and, if olooted a controlled surfac e and variable permeability. 

Th e pr e s e nt inv e ntion has particular applicability to polymer fibrous mat produc e d by 

melt blowing di e apparatus but it is to bo understood that th e pr e sent invention can b e readily 
utiliz e d in lay e r e d mat production wh e r e in lay e r e d fibrous mats of oth e r fibrous mat e rials in 
addition to pr e s e l e cted polym e r material — such as gloss — are extract e d in di e attenuat e d form 
firom h e ated die sourc e s unto spac e d collector sourc e s. 

Lay e r e d fibrous mat compos e d of fib e rs att e nuat e d from a heat e d die sourc e unto a spac e 

lay e r e d matt collector surfac e ar e g e nerally w e ll Icnown in both the glass and melt blown arts but 
non e have utiliz e d th e unique and novel unified arrangement disclos e d h e rein. Although, as 
abov e not e d, the pr e s e nt inv e ntion is not b e considered as limit e d to di e f ee ding polym e r 
mat e rials fi'om h e ated m e lt blown die sources, th e imiqu e and nov e l arrang e m e nt set forth her e in 
has particular applicability in th e m e h blowing die f ee ding arrangem e nts as disclos e d in th e 
United States Patents Nos. 5,725,812, issued to Kyung Ju Choi on March 10, 1998; No. 
5,891,182, issued to K>iing Ju Choi on April 6, 1999; No. 5,976,209, issued to K>rung Ju Choi 
on Nov. 2, 1999; No. 5,976,127, issued to Kyung Ju Choi, also on Nov. 2, 1999; No. 6,159,318, 
issued to Kyung Ju Choi on Doc. 12, 2000; and No. 6,230,776, issued to K>aing Ju Choi on May 
15,2001. 

Th e oxtemal tr e atment of fib e rs with resp e ct to a fib e r coll e cting sourc e is g e nerally well 

loiown in th e production of non wov e n fabrics, att e ntion b e ing direct e d to U.S. Patent No. 
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^, 095,3 12, issuod to D J, Haloy on Juno 20, 1978, whoroin fib e rs oro ooll e ot e d from tvvo fibor 
feeding sources to a pair of moving ooUooting surfac e s to form a nip; to U.S. Patent No. 
^,100,32^, issued to R.A. Anderson, et al. on July 1 1, 1978, wh e r e in wood pulp fibers ar e add e d 
to a matrix of collect e d polym e ric molt blown microfibers; to U.S. Patent No, 1,267,002, issuod 
to C.H. Sloan on May 21, 1981, wh e rein fibers ore formed in elongated rod shap e with a hoavy 
build - up in a central portion and a light build up in a lip portion folded back ov e r th e c e ntral 
portion; to U.S. Patent NO. 1,375,116, issued to S. Fujii, ot al. on March 1, 1983, wh e rein moh 
blown fib e rs ar e collect e d in a valley like fib e r coll e cting zon e form e d by r e latively mov e abl e 
and compressibl e porous plat e s which have a controll e d numb e r of pores; and, finally to U.S. 
Pat e nt No. 1,526,733, issu e d to J.C. Lau on July 2, 1955, wh e r e in a fluid stream of att e nuat e d 
fib e rs is pr e s e l e ctiv e ly t e mp e ratur e treated upon exiting die tip orific e s to provid e improved 
collect e d w e b prop e rties. 

Although these abov e not e d pat e nts disclos e various external tr e atm e nts of fiber str e ams 

att e nuated from heat e d die sourc e s, none t e ach e s or suggests, e ith e r alone or in combination, th e 
economical and straight forward arrang e ment which includ e s succ e ssiv e ly fe e ding and 
combining fib e r layers, e ach lay e r having sel e ct fib e r siz e distributions and, if e lect e d, th e novel 
diversion and vertically cr e ating forc e exertion of a select e d portion of fiber str e ams to provide 
fib e r lay e rs with s e lect fib e r siz e distributions, s e l e ct e d surfac e , and, s e l e cted variabl e 
p e rm e ability of th e total fibrous mat as it pass e s to a fiber coll e cting sourc e . 

Th e pres e nt inv e ntion provides a unique and nov e l di e att e nuat e d fib e r arrangement 

including a straight forward, e conomical and inv e ntiv e ly unifi e d production m e thod, apparatus 
and final layered, relatively strong fibrous mat product which allows for efficient and e conomic 
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control of fib e r siz e distribution, surfac e , and perm e ability of a layered fibrous mat product 
which can have s e l e ct e d fiber size distributions, variabl e density, pormoability and surfac e . 

The pr e s e nt invention accomplish e s the uniqu e featur e s thoroof with a minimum of 

apparatus, parts, el e ments, and m e thod st e ps in both manufactur e and maint e nance and, at th e 
. sam e tim e , which allov/s for r e ady adjustment to control variable fiber mat density, fiber 
distribution, mat p e rm e ability and surfac e in s e l e ct e d ar e as of a produc e d fibrous mat. 

Various oth e r featur e s of the pr e s e nt invention will become obvious to one skill e d in the 

art upon r e ading the disclosur e set forth h e r e in. 

BRIEF SUMMARY OF THE INVENTION 

More particularly the pr e sent invention provides a unified, unique and nov e l m e thod, 

apparatus and product arrangement in th e production of di e att e nuat e d fibrous mat which can b e 
utiliz e d in any numb e r of comm e rcial e nvironm e nts — one of which being the fluid filtration art. 

Sp e cifically, th e pr e sent inv e ntion provid e s a uniqu e and nov e l m e thod of forming a w e b 

of fibrous m e dia comprising: f e eding fib e rs in att e nuat e d multipl e fib e r lay e rs firom a first 
spac e d orific e zon e in a first f ee d path to a first sel e ctively spaced, longitudinally e xtending, 
rotating coll e ctor zon e in succ e ssive low e r and upp e r fib e r lay e rs, th e first fib e rs having a first 
s e l e ct e d fib e r size distribution wh e n pass e d to th e first coll e ctor zon e to form a first fibrous mat 
having a first s e l e ct e d fiber siz e distribution; f ee ding th e first form e d fibrous mat to at l e ast a 
s e cond similarly rotating collector zone selectively spac e d from the first rotating coll e ctor zon e ; 
f ee ding s e cond fib e rs in att e nuat e d multipl e fib e r lay e rs from a s e cond spac e d orific e zon e in a 
s e cond f ee d path to a second similarly rotating coll e ctor zon e s e l e ctiv e ly spaced from th e s e cond 
orific e zon e to form a s e cond fibrous mat combined with th e first fibrous mat f e d to th e s e cond 
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coll e ctor zon e from th e first ooll e otor zon e , th e s e cond fib e rs having a sooond s e l e cted fib e r siz e 
distribution and, f ee ding th e combin e d fiber mat from th e s e cond collector sourc e zon e to a third 
mat forming zon e . 

In addition, the pr e s e nt invention provid e s s e v e ral e mbodim e nts of method steps for 

controlling the out e r surface or surfac e s of th e web of filter m e dia formed by th e novel m e thod 
e mbodim e nts describ e d her e in. 

Further, the pres e nt invention provid e s in a unifi e d mann e r, a unique and novel mat of 

fibrous media comprising: at least a first layer e d mat portion of s e l e ct e d first fib e r siz e 
distribution and p e rm e ability and at least a s e cond lay e r e d mat portion of s e l e ct e d s e cond fib e r 
siz e distribution, and p e rmeability, both th e first and second layer e d mat portions b e ing of 
substantially align e d fib e rs of first and s e cond s e l e ct e d fiber size distributions, and p e rmeabiliti e s 
with e ach b e ing att e nuat e d as layers from spaced di e sourc e s dir e ctly to s e parate spac e d similarly 
rotating oolleotor sourc e s with on e of such sourc e s r e c e iving the lay e red mat portion from th e 
oth e r of th e spac e d coll e ctor sourc e s. 

In addition, th e pr e s e nt inv e ntion provid e s apparatus for manufacturing a fibrous mat 

comprising a first di e sourc e including spac e d di e orific e s capabl e of f ee ding a first attenuated 
multiple fiber lay e r e d portion; a first s e l e ctively gap spac e d longitudinally extending first 
rotating coll e ctor surfac e to e ventually r e c e iv e the totality of th e first lay e red portion; at l e ast a 
spac e d s e cond di e sourc e including spac e d di e orific e s capabl e of f ee ding a s e cond att e nuating 
multipl e fib e r layer e d portion; a s e cond sel e ctiv e ly gap spac e d longitudinally e xtending s e cond 
similarly rotating collector surfac e to e ventually receiv e th e totality of th e s e cond fib e r lay e red 
portion, the second rotating coll e ctor surfac e b e ing spac e d from th e first rotating collector 
surfac e ; and, transfer and orientation m e ans position e d b e tw ee n th e first and s e cond collector 
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surfac e s to ori e nt and transfer the first lay e r e d mat portion from the first rotating oolleotor 
surface to a select quadrant of the s e cond similarly rotating ooU e otor surfac e . 

Moreov e r, th e pr e sent inv e ntion provid e s sev e ral nov e l rotating collector surfac e 

embodim e nts associat e d with th e uniqu e apparatus describ e d h e rein to control th e natur e , 
perm e ability and str e ngth of th e outer surfac e s and th e fib e r composition th e rebetween of the 
nov e l fibrous m e dia mat d e scrib e d h e r e in. 

It is to be und e rstood that various chang e s can b e mad e by on e skill e d in th e art in the 

s e v e ral steps of the m e thod and th e s e v e ral e l e m e nts and parts of th e product and apparatus 
h e rein disclos e d without d e parting from th e scope or spirit of the pr e s e nt unifi e d invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

R e f e rring to the drawings which disclos e s e v e ral advantag e ous embodim e nts of th e 

pres e nt inv e ntion and modifications thereto: 

Figure 1 is a schematic sid e vi e w of on e e mbodim e nt of th e novol apparatus of the 

pres e nt invention; 

Figure 2 is a sch e matic sid e view similar to that of Figure 1, fiirth e r disclosing a nov e l 

coll e ctor lik e vortically creating forc e d e fl e ctor; 

Figur e 3 is a sch e matic, cross section of a portion of a nov e l fibrous mat produced by th e 

nov e l apparatus of Figur e 1; 

Figur e 4 is anoth e r sch e matic, cross s e ction of a portion of a novel fibrous mat produced 

by structur e similar to that of Figur e 1 and including th e nov e l apparatus of Figur e 2; 

Figure 5 is a schematic sid e vi e w of a s e cond e mbodim e nt of th e novel apparatus of th e 

pr e sent invention; 
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Figur e 6 is a sch e matio cross sectional sid e view of a fibrous mat produc e d by th e 

arrang e m e nt of Figur e 5; 

Figur e s 7 and 8 ar e sch e matio sid e vi e ws of a third embodiment of th e nov e l apparatus 

and cross sectional sid e vi e w of th e fibrous mat produced thereby; 

Figur e s 9 and 10 ar e vi e v/s lik e Figur e s 5 8 disclosing a fourth embodiment of th e pres e nt 

inv e ntion; 

Figur e s 1 1 and 12 ar e views similar to Figur e s 5 10, disclosing a fifth e mbodim e nt of th e 

pr e s e nt inv e ntion; and, 

Figure 13 is a schematic chart disclosing the comparativ e bond strength in pounds from 

spac e d stations e xt e nding from e dg e to edg e of a fibrous mat of th e present inv e ntion when 
compared v i ^ith two commercially competitiv e fibrous mats. 

DETAILED DESCRIPTION OF THE DRi\WIhJGS 

R e ferring to Figur e 1 of the drawings, on e e mbodim e nt 2 of th e novel apparatus of th e 

inv e ntion is disclosed for forming th e unique layered w e b of fibrous m e dia in accordanc e with 
th e inventiv e ov e rall arrangem e nt d e scrib e d h e r e in. 

Th e ov e rall arrangement of embodim e nt 2 includ e s thr ee spac e d succ e ssive similar 

fibrous mat forming structur e s, 3, 1 and 6. Each of thes e thr ee structures includ e s a first molt 
blow dio sourc e 7 which includ e s spaced die orific e s 8 , each capabl e of f ee ding one of thr e e fiber 
f ee d paths of attenuated multipl e filt e r fib e r layer portions to one of thr ee longitudinally 
ext e nding, cylindrical rotatable collectors 11, each of which collectors has a p e ripheral, 
perforated collector surface sel e ctiv e ly spac e d form and aligned with th e first melt blown dio 
sourc e 7 including spac e d die orific e s 8. A suitabl e motor and g e ar driv e n syst e m (now shown) 
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can b e provided to rotat e eaoh perforat e d ooll e otor 1 1 in a s e l e cted olookwis e rotational direction, 
as shown by th e rotational arrow of Figure 1 . It is to be understood that e ach perforated rotatablo 
coll e ctor 1 1 eventually r e c e ives th e sel e ct e d totality of th e filt e r fiber layered portion from its 
fib e r f ee d path and that e ach collector 1 1 can b e provided with an appropriate internal coolant or 
vacuum source 12, the internal piping and e xpansive arrangem e nt being disclosed sch e matically 
in Figure 1 and is similar to that as shown in abov e U.S. pat e nts no. 6,159,31 8 and No. 
6,230,775. In an advantag e ous embodim e nt of the pr e s e nt Invention collectors 1 1 can bo 
s e l e ctively spaced from die orific e s 8 approximat e ly in th e range of two (2) to sixty (60) inch e s 
and pr e f e rably approximately eighteen (18) inches. The polym e r volumes and air pressur e at th e 
di e ar e appropriat e ly s e l e cted for malcing th e particular filt e r m e dium. 

To accomplish the transf e r of layer e d fiber portions from one spaced, perforat e d rotating 

collector 1 1 to th e next adjac e nt coll e ctor 11, longitudinally e xtending idl e r rolls 13 are 
positioned betw ee n coll e ctors 11. Th e s e idler rolls 13 ar e positioned relativ e th e thr ee spac e d 
rotating collector 9, in accordanc e with one feature of th e present inv e ntion, so that th e lay e r e d 
mat portion form e d on the p e riph e ral surfac e of a pr e c e ding rotatable coll e ctor 1 1 pass e s from its 
first cross s e ctional quadrant in its rotational dir e ction in ori e nt e d fashion along spac e d idl e r rolls 
13 to an adjac e nt rotatabl e spaced collector 1 1 so as to b e f e d to such adjacent rotatabl e collector 
1 1 along th e fourth cross sectional quadrant — that is advantag e ously betw e en approximately 
ninety (90^) d e grees of a prec e ding cross - s e ctional quadrant to an approximately two hundr e d 
seventy (270°) d e grees of on adjacent, following coll e ctor cross sectional quadrant. 

It is to b e und e rstood that, in on e e mbodim e nt of th e pr e s e nt invention, th e fibrous layer 

portion of one fibrous f e ed path 9 can bo superposed above the fibrous lay e r of another or vice 
v e rsa — all in accordance with appropriat e motor and driv e g e aring, as well as f e ed timing (not 
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shown). Also, in accordanc e with anoth e r e mbodiment of th e pr e s e nt invention, it would bo 
possibl e to s e l e ctiv e ly int e rsp e rse th e fibers of the two fibrous layer portions of fibrous food 
paths 9. 

Furth e r, in oth e r f e atur e s of th e pr e s e nt invention, th e fibrous filt e r m e dia mat formed in 

portions on the succ e ssiv e mat forming structur e s, 3,4, and 6, as above describ e d, which mat is 
subs e qu e ntly pass e d to an additional work forming station (also not shown in d e tail but shown 
sch e matically as block H) con b e of s e l e ctiv e composition fiber siz e distributions, and wob 
p e rmeability. 

Advantageously, th e first lay e r e d filter m e dia mat portion form e d by a feed path 9 from 

di e orific e s 8 can b e of synth e tic composition with fiber siz e distributions, b e ing in th e 
approximat e rang e of z e ro point on e (0.1) to tv i ^ e nty s e v e n (27) micromet e rs and the perm e ability 
rang e of fiv e (5) to two thousand (2000) cubic f ee t p e r minute p e r squar e foot (cfin/ft^). Th e 
second layer e d filt e r m e dia mat portion form e d by a f ee d path 9 from di e orific e s 8 can b e of 
similar synth e tic m e lt blown composition with fib e r size distributions in th e approximat e rang e 
of on e (1) to fifty (50) microm e ters and th e p e rmeability can b e in th e approximat e range of 
thirty (30) to four thousand (1000) cubic f e et p e r minut e p e r squar e foot (ofm/ft2). The third 
layer e d portion also can be of similar composition within similar s e l e ct e d fib e r size distribution 
and perm e ability rang e s as the second lay e red portion. 

R e f e rring to Figure 2 of th e drawings, still another additional structural f e atur e of the 

pr e sent invention con b e seen. This additional structural feature can b e includ e d with any ono or 
more of the mat forming structur e s 3, 4 and 6 lik e that shown in Figure 1, as might b e e l e ct e d 
and in accordanc e with th e specific nature of a fluid str e am to be tr e at e d. 
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In a manner similar to that of co p e nding application S e rial No. 09/635,3 10, a dirootion 

and e xt e rnal vortioally creating force in the form of oount e r olookwis e rotational, oylindrioal 
drum 16, which is of small e r surfac e than the clockwis e rotational cylindrical coll e ctor 1 1 , The 
drum 16 is gap spac e d a pr e s e l e ct e d distance from coll e ctor 1 1 so as to e xert an e xternal 
vortically cr e ating force on a presel e ct e d portion of th e multiple fib e r sh ee t befor e that portion is 
r e formed on coll e ctor 1 1 to join th e r e maining portions of the multiple fib e r sh ee t. This action of 
count e r rotational div e rt e r drum 16 s e r\^ e s to curl th e fib e rs wh e n r e turned to the rotatabl e 
coll e ctor 11. It is to be und e rstood that th e div e rting arrang e m e nt as shown, as well as such oth e r 
div e rting arrang e ments disclosed in th e afor e m e ntion e d co p e nding application, can be e mploy e d 
with th e coll e ctors as shown and with oth e r coll e ctors which might b e add e d to th e ov e rall mat 
forming structur e s. 

In summary and in carrying out on e e mbodim e nt of th e pr e s e nt invention in accordanc e 

with the mat forming structur e s 2, 4 and 6 of Figur e 1 with fib e rs in th e siz e rang e of z e ro point 
on e (0.1) to fifty (50) micromet e rs as e lected for e ach of th e structures 3, ^ and 6, first filt e r 
fib e rs ar e f e d in a first f ee d zon e from spac e d m e lt blow orific e s, the first filter fib e rs b e ing of 
synth e tic melt blown composition with a perm e ability in th e approximat e range of fiv e (5) to two 
thousand (2000) cubic f ee t p e r minut e p e r squar e foot (cfm/ft^) and a fib e r siz e distribution in th e 
approximat e rang e of zero point on e (p.l) to tw e nty s e v e n (27) microm e t e rs, the fib e rs formi ng-a 
first portion of a combin e d filt e r mat on a first rotating cylindrical collector zon e in succ e ssiv e 
low e r and upp e r first layers in th e first zone. Th e first portion of th e mat is th e n passed through a 
filt e r mat ori e ntation f ee d zon e to s e cond and third spac e d similarly rotating coll e ctor zon e s to 
p e ripherally coll e ct thereon. 
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Mor e s pecifically. In the s e cond and third filt e r zones, fibers which also can b e of 

synth e tic m e lt blown compositions or e fed in like f ee d paths 9 fi-om s e cond ond third spaced moh 
blown orific e s 8 , th e s e cond and third fibers in f e ed paths 9 having p e rm e ability in th e 
approximat e rang e of thirty (30) to four thousand (^000) cubic fe e t p e r minute per squar e foot 
(ofm/ft2) and fib e r siz e distributions in th e approximate range of one (1) to fifty (50) 
microm e t e rs. Th e s e cond and third fib e r paths 9 ar e f e d to second and third spac e d rotating 
coll e ctor zones 1 1 in successiv e low e r and upp e r fiber lay e rs or in an intersp e rsed manner with 
fib e rs fi'om th e pr e c e ding zon e or zon e s forming a s e cond and third portions of th e combin e d 
filt e r mat with pr e c e ding portions of th e mat. The combined mat portions ore th e n passed to a 
fiirth e r work zon e (shown sch e matically as block 14). 

It is to b e understood that, if d e sir e d, th e vortically creating e xtemal forces as abov e 

discuss e d, can b e e mploy e d in on e or mor e of th e coll e cting zon e s so as to produce curl e d, 
e ntangl e d fibers, on at l e ast a portion of inv e ntive layer e d mat. It fiirther is to be und e rstood that 
in accordanc e with anoth e r f e ature of the inv e ntion that in e ach of the mat forming structures3, A 
and 6, the spacing betw ee n di e orific e s 8 and rotating cylindrical collectors 1 1 in e ach mat 
forming structur e advantag e ously is of significant import and advantag e ously should b e in the 
rang e of approximately two (2) to sixty (60) inches. 

R e ferring to Figures 3 and 4 of th e drawings, sch e matic cross sections of two fibrous 

mats 17 and 1 8 can bo soon, fibrous mat 17 having been produc e d by apparatus similar to that 
shown in Figur e 1 of th e drawings and mat 1 8 having be e n produced by apparatus also similar to 
that shown in Figur e 1 but which also includes a vortically creating force deflector structur e 
(Figur e 2) cooperative with at l e ast on e of th e rotatabl e cylindrical drums of th e structur e of 
Figur e 1. 
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It is to be not e d in Figur e s 3 and ^ that th e outer surfac e s 19 and 21 , h e r e shown 

r e spectiv e ly in each of Figur e s 3 and A as th e upper surfac e , is of a smooth, skin lik e nature as 
distinguish e d from the lower surfac e s in e ach figure. This is a cons e quenc e of s e l e ctively 
att e nuating fibers of a comparativ e ly smaller fib e r siz e distribution into th e fe e d path of either 
th e first or last fibrous producing lay e rs in mat forming structur e s 3 or 6. 

It is to be und e rstood that e ith e r th e first, last or both such e nd fibrous mat producing 

layer structur e s can b e so arrang e d to produc e such a d e sir e d out e r surfac e with the final mat 
produc e d work product at H being appropriat e ly inv e rt e d, as might b e occasion e d. 

It further is to be not e d in Figures 3 and ^ that th e low e r layers 22 and 23 of mats 17 and 

1 8 resp e ctively ar e s e lectiv e ly of coarser natur e , th e attenuat e d fib e rs b e ing of comparatively 
gr e at e r fib e r size distribution. Mor e over, lower layer 23 of Figur e 4 is shown as e ntangl e d as th e 
consequ e nc e of th e afored e scrib e d vertical forc e filt e r displacement by counter rotating small 
drum structure as shown in Figure 2. 

In Figur e s 5 and 6, anoth e r e mbodim e nt of the pres e nt inv e ntion can b e s ee n. In this 

e mbodim e nt, spaced mat forming structur e s 24 and 26 are disclosed. Each mat forming structur e 
includ e s a m e lt blown di e sourc e 27 with di e orific e s 2 8 adapt e d to hav e att e nuat e d ther e from 
fib e r feed paths 29 unto spac e d, cylindrical, fluid pervious, rotatable cylindrical coll e ctors 31, 
each coll e ctor including coolant or vacuum piping with e xpanders 32 at th e distal end. A 
triangularly spac e d idler roll e r s e t 33 is position e d betw ee n th e two spac e d fluid p e rvious 
rotatabl e , cylindrical coll e ctors 31 and an idl e r roller 3 4 is position e d below th e lat e r of 
coll e ctors 3 1 to r e c e iv e and dir e ct th e lay e red fibrous mat to a following location. In this 
embodiment of the inv e ntion, only two spac e d rotatabl e collectors 3 1 are disclos e d. Th e se 
perforat e d collectors 31, lik e th e thr ee spaced p e rforat e d collectors 1 1 of Figure 1, ar e shown to 
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rotat e in the som e dir e ction and to r e c e iv e fiber feed paths 29 att e nuat e d from orifices 2 8 in th e 
first cross s e ctional quadrant of e ach coll e ctor in a manner similar to the f ee d paths 9 and 
coll e ctors 11 arrang e m e nt of Figure 1. 

Th e r e sulting lay e r e d melt blown fibrous mat 36 can b e s ee n in th e schematic cross 

sectional drawing (Figure 6) to includ e a smooth skin like out e r surface 37 formed by the finer 
att e nuat e d fib e r lay e r 3 8 having comparativ e ly small e r fiber siz e distribution than the coarser 
att e nuated fiber lay e r 39> 

R e f e rring to Figur e s 7 and 8, still another e mbodiment of th e pr e s e nt invention can b e 

se e n. In this e mbodiment, spaced mat forming structures 1 1 and 12 can b e s ee n. Each structure 
includes a m e lt blown di e sourc e 13 with die orifices 14 serving to hav e att e nuat e d th e refrom 
fib e r fe e d paths 16 unto spac e d cylindrical, fluid p e rvious rotatabl e cylindrical coll e ctors 47, 
each collector including coolant or vacuum piping with a distal e xpand e rs 1 8 — th e structur e 
d e scrib e d so far being comparabl e to that structur e of Figures 5 and 6 except for a single idler 
roll 50 b e ing position e d b e tw ee n th e spac e d rotating coll e ctors 4 7 and e xc e pt for th e fact that th e 
cylindrical rotatabl e collectors 17 ar e rotat e d in opposit e directions from each oth e r. It also is to 
b e not e d in this embodim e nt of th e inv e ntion that th e fib e r f ee d paths 4 6 are dir e ct e d to th e 
fourth cross s e ctional quadrant of the coll e ctors as distinguish e d from th e first cross s e ctional 
quadrant — a s can b e s ee n in Figur e s 1 and 5. 

In th e e mbodim e nt of th e inv e ntion of Figur e 7 and as can b e s ee n in Figure 8 disclosing 

a sch e matic cross s e ctional view of a lay e r e d fibrous mat 4 9 produc e d by th e mat forming 
arrang e m e nt of Figur e 7, fine fib e r layers 51 and coars e fib e r layers 52 ar e shown with both outer 
surfac e s 53 and 54 having comparatively smooth, skin lik e prop e rties. As abov e discuss e d, the 
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fin e r fib e rs of layers 51 hav e comparativ e ly smaller fib e r siz e distribution proportios than tho 
coars e r lay e rs 52. 

In still anoth e r e mbodiment of th e invention as disclosed in Figur e s 9 and 10 of tho 

drawings, mat forming structures 56 and 57 can bo soon. Lik e that of Figure 7 e ach structure 56 
and 57 includ e s a m e lt blowii di e sourc e 5 8 with tho die orifices 59 s e rving to hav e att e nuated 
th e r e firom fib e r f ee d paths 61 unto spaced oylindrioal, fluid p e rvious, rotatabl e cylindrical spac e d 
coll e ctors 62, e ach coll e ctor including coolant or vacuum piping with a distal e xpand e r 63. 

In this embodim e nt of Figure 9, tho spaood coll e ctors 62 ar e shown as rotating in tho 

sam e direction. How e ver, th e fib e r f e ed path 61 in the mat forming structur e 56 is dir e ct e d to tho 
cross s e ctional first quadrant of rotatabl e coll e ctor 62 wh e r e as th e fib e r f ee d path 61 in mat 
forming structur e 57 is direct e d to the cross sectional fourth quadrant of its rotatabl e collector 
62. A suitable idler roll 64 is shown positioned b e twe e n spac e d rotatable coll e ctors 62 to dir e ct 
th e produced fibrous lay e rs fi-om one rotatabl e coll e ctor 62 to th e other spac e d fluid p e rvious 
rotatable coll e ctor 62. 

As abov e , th e produc e d fib e r layers can be of coars e and fin e fib e rs with th e fin e fibers of 

on e fib e r f ee d path 61 having a small e r fib e r siz e distribution than the fib e r fe e d path of tho other 
fib e r f ee d path 61. 

R e f e rring to Figure 10, the cross s e ction of a portion of a fibrous matt 66 can be s e en as 

produc e d by and arrangem e nt such as disclosed in Figur e 9. This mat is shown as including 
lay e rs 67 of fin e fibers and layers of coarso fib e rs 68. In this embodiment, both outer surfac e s 69 
and 71 hav e be e n form e d so as to b e of smooth, skin lik e nature. 

Figures 1 1 and 12 show still a further embodim e nt of the pr e sent unified inv e ntion Figure 

1 1 is shown to includ e m e lt blown mat forming structur e s 72 an d73, e ach of which includ e s 
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m e lt blown di e sourc e 74 with die orifices 76 serving to have attenuated th e refrom fib e r food 
paths 77 unto spac e d, cylindrical, fluid pervious, rotatabl e cylindrical coll e ctor 7 8 . As abov e , for 
figur e s 9, e ach coll e ctor 7 8 includ e s coolant or vacuum piping with a distal e xpander 79. 

In this Figur e 1 1 th e spac e d rotatabl e , cylindrical collectors arc shown as rotatable in 

opposit e directions v/ith fib e r fo o d paths 77 being dir e ct e d to tho first cross s e ctional quadrant of 
each rotatabl e coll e ctor. A suitabl e idl e r roll 8 1 can b e se e n position e d b e tw ee n spaced 
coll e ctors 78. 

In th e e mbodim e nt of Figur e 12, fib e r attenuation paths 77 for mat forming structur e s 72 

and 73 can be of coarse and fin e fib e rs, resp e ctiv e ly with the finer fibers having a small e r fiber 
siz e distribution than th e coars e r fib e rs. 

R e ferring to Figure 12, th e cross s e ction of a portion of a fibrous mat 8 2 can b e s e en as 

produc e d by an arrang e m e nt such as disclosed in Figur e 11. This mat 8 2 is shown as including 
lay e rs 8 3 of fine fibors and layers of coarse fibers 84 . As in Figure 10, both outer surfac e s 86 
and 8 7 hav e b ee n form e d so as to b e of smooth, skin lik e natur e . 

This, in accordanc e with th e sev e ral e mbodiments of th e unifi e d invention disclos e d, it 

can b e s ee n that r e lativ e ly strong w e bs of fib e r m e dium can b e produc e d form spac e d di e 
att e nuating structur e s advantag e ously of tho ;m e lt blown typ e but not n e c e ssarily limit e d thereto 
with fib e r f ee d paths f ee ding attenuat e d fib e rs of s e l e ctive fine and coars e r nature ov e r a 
s e l e ctiv e distanc e and in a solootively contacting mann e r to spac e d rotatabl e cylindrical 
coll e ctors which, in th e several e mbodim e nts disclos e d, can b e rotated in diff e r e nt manners with 
r e sp e ct to e ach oth e r. Th e resulting fibrous mat products — which are particularly suit e d for fluid 
filtration, provid e a number of unique and nov e l f e atures to th e filtration art, including controlled 
outer smooth, slcin lik e fibrous mat surfaces which serv e to minimiz e th e amount of loose fibors 
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on th e w e b surfac e . And, as oan b e s ee n in Figuro 1 3, th e fibrous mat of th e present inv e ntion 
provid e s an incr e as e d bond str e ngth in pounds wh e n th e inv e ntive mat is oomparod to two w e ll 
known oth e r fibrous mats which or e now available on th e oomm e rcial mark e t. 

In this regard, the chart of Figure 13, compar e s bond strengths in pounds across e ight ( 8 ) 
e dge to e dg e spac e r stations of an inventive fibrous mat product as repres e nt e d by the full lin e 
88 wh e n compared in p e rformanc e with the two oth e r comm e rcially availabl e fibrous mat 
products repr e sented by longer dash line 89 and the shorter dash lin e 91. 
Th e inv e ntion claim e d is: 
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Substitute Claims w/markings 

ir) A m e thod of forming a web of fibrous media comprising: feeding first fib e rs in 

att e nuat e d multiple fib e r layers from a first spac e d orifice zone in a first f ee d path to a first 
spaced longitudinally e xt e nding rotating collector zon e in succ e ssiv e low e r and upp e r fiber 
lay e rs, said fib e rs having a first s e l e cted fiber size distribution wh e n pass e d to said first collector 
zon e to form a first fibrous mat having a first sel e ct e d fib e r siz e distribution th e r e on; f ee ding said 
first formed fibrous mat to at l e ast a second similarly rotating collector zon e spac e d firom said 
first rotating coll e ctor zon e ; f ee ding s e cond fibers in att e nuat e d multipl e fiber layers firom a 
s e cond spaced orific e zon e in a s e cond feed path to said s e cond coll e ctor zon e spac e d from said 
s e cond orific e zone to form a second fibrous mat combin e d with said first fibrous mat f e d to said 
s e cond coll e ctor zon e from said first collector zon e , said s e cond fib e rs having a s e cond sel e cted 
fiber size distribution and, f e eding said combined fib e r mat firom said s e cond coll e ctor sourc e 
zon e to a fiirth e r mat forming zon e . 

2^ The m e thod of forming a w e b of fibrous m e dia of Claim 1, wher e in said first and 

s e cond collector zon e s ar e s e l e ctively spaced from said first and s e cond orific e zon e s 
r e spectiv e ly and said first and s e cond fiber fe e ds paths are f e d at s e l e cted locations and at 
s e l e ct e d angl e s to said rotating collector zon e s r e spectiv e ly so as to control at l e ast on e out e r 
surface of said combin e d filt e r mat pass e d to said mat forming zon e . 

Jt) The m e thod of forming a web of fibrous m e dia of Claim 1, wh e r e in said 

att e nuat e d multipl e fiber lay e rs from said first and s e cond orifice zon e s ar e att e nuat e d at sel e cted 
spaces, volumes, and air pressur e s from said r e spective orific e zon e s. 

4t) Th e method of forming a web of fibrous media of Claim 1, wh e r e in third fib e rs 

ar e fed in att e nuat e d multipl e fib e r lay e rs from at l e ast a third spac e d orific e zon e in a third f ee d 
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path to a third rotating coll e ctor zon e spac e d from said third orific e zon e to form a third fibrous 
mat to b e combined with said first and second fibrous mat to bo fed to said mat forming zone. 

§t) Th e m e thod of forming a w e b of fibrous m e dia of Claim 1, wh e r e in said first, 

s e cond and third coll e ctor zones ar e rotat e d in th e sam e dir e ction. 

Th e method of forming a web of fibrous m e dia of Claim 1 , wh e r e in said first and 

s e cond coll e ctor zon es are rotat e d in opposit e dir e ctions so as to control both out e r surfac e s of 
said combin e d filt e r mat pass e d to said mat forming zone. 

7t) Th e method of forming a w e b of fibrous m e dia of Claim 6, wh e r e in said first and 

s e cond fiber f ee d paths to said first and second rotating coll e ctors ore dir e ct e d to similar coll e ctor 
cross - s e ctional locations on said fist and s e cond rotating coll e ctors. 

St) Th e m e thod of forming a w e b of fibrous m e dia of Claim 6, wherein said fist and 

s e cond fib e r f ee d paths or e dir e ct e d to oppos e d diff e r e nt collector cross s e ctional locations on 
said first and second rotating collectors. 

9t) Th e method of forming a w e b of fibrous m e dia of Claim 1, wh e r e in said first and 

s e cond collector zon e s ar e e ach rotat e d in the same dir e ction with th e fibers in said first and 
s e cond f ee d paths b e ing dir e ct e d to diff e rent s e l e ct e d coll e ctor cross s e ctional locations on said 
first and s e cond rotating coll e ctors resp e ctiv e ly so as to control both outer surfac e s of said 
combin e d filter mat pass e d to said mat forming zon e . 

IOt) — Th e m e thod of forming a web fibrous media of Claim 2, wh e r e in said first and 

second coll e ctor zon e s ar e sel e ctively spac e d form said first and s e cond orific e zon e s 
r e sp e ctiv e ly a s e lected distance in the rang e of two (2) to sixty (60) inch e s. 
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147) — Th e m e thod of forming a web of fibrous media of Claim 2, wh e rein said first and 

s e cond ooUeotor zones are advantag e ously spaoed a distanc e of approximately eighteen (1 8 ) 
inch e s from said first and s e cond orifico zon e s r e sp e ctively. 

tir) — Th e method of forming a w e b of fibrous m e dia of Claim 2, wh e r e in said first and 

s e cond fiber feed paths ore att e nuated fi-om said first and second orific e zon e s r e spectiv e ly in a 
downwardly directed manner to said first and s e cond rotating coll e ctor zon e s r e sp e ctively to 
e ach tongontially abut a select e d cross sectional periph e ral sid e of said first and s e cond rotating 
coll e ctor zones r e sp e ctively. 

14t) — A m e thod of forming a v i ^eb of fibrous media comprising: f ee ding first fib e rs in 

att e nuat e d multipl e fiber lay e rs from a first spac e d orific e zon e to a first se l e ctiv e ly spac e d 
longitudinally rotating collector zon e in succ e ssive lower and upper fib e r layers, said fib e rs 
having a first fiber siz e distribution in th e approximat e rang e of z e ro point on e (9.1) to tw e nty 
s e v e n (27) microm e ters to form a first fibrous mat having a first s e l e ct e d fib e r sized th e r e on; 
f ee ding said first form e d fibrous mat from said first rotating coll e ctor zon e to at l e ast a s e cond 
similarly rotating collector zon e spac e d from said first rotating coll e ctor zon e ; f ee ding s e cond 
fib e rs in att e nuat e d multipl e fib e r lay e rs from a second spac e d orific e zon e in a s e cond f ee d path 
to said s e cond collector zon e selectiv e ly spaced form said s e cond orifice zon e to form a s e cond 
fibrous mat combined with said first fibrous mat f e d to said second coll e ctor zon e from said first 
coll e ctor zon e , said s e cond fib e rs having a s e cond fib e r siz e distribution of approximat e ly on e 
(1) to fifty (50) microm e t e rs, said fibers being att e nuat e d from said first and second orific e s 
zon e s at an approximat e p e rm e ability of thirty (30) to four thousand ( 4 000) cubic f e et p e r minut e 
p e r squar e foot (cfm/ft^) and said first and s e cond orific e zon e s b e ing spaced form said first and 
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s e cond coli e otor zon e s resp e ctively on approximate distanoo of eightoon (1 8 ) inohos; and, 
fe e ding said combin e d fiber mat from said s e cond coll e ctor zone to a furth e r mat forming zone. 

Wt) — The m e thod of forming a web of fibrous m e dia of Claim 1, wherein said first and 

s e cond s e l e ct fib e rs in said fir s t and s e cond orific e zon e s resp e ctiv e ly ar e of diff e rent s e lect e d 
fib e r size distributions. 

14t) — Th e method of forming a w e b of fibrous media of Claim 1, wh e r e in said first and 

s e cond fib e rs in said first and s e cond orific e zones ar e of differ e nt s e lected fiber size distribution 
in the approximat e rang e of z e ro point on e (0.1) to fifty (50) micromotors. 

14:) Th e m e thod of forming a w e b of fibrous m e dia of Claim 1, wh e rein said first and 

s e cond fibers in said first and s e cond orific e zon e s respectiv e ly ar e in th e approximat e d fib e r size 
distribution first and s e cond rang e s of zero point (0.1) to twenty s e v e n (27) and one (1) to fifty 
(50) microm e t e rs, r e sp e ctiv e ly. 

— The method of forming a web of fibrous m e dia of Claim 1, wher e in said first and 

s e cond fib e r siz e distributions are int e roombin e d wh e n pass e d to said third mat forming zone. 

— The method of forming a web of fibrous m e dia of Claim 1 , wh e r e in said first and 

combined s e cond fibrous mats ar e formed to be sup e rposed on e upon the oth e r wh e n pass e d to 
said third mat forming zon e . 

i9i) — Th e m e thod of forming a web of fibrous m e dia of Claim 1, wh e rein said first 

form e d fibrous mat is f e d from said first coll e ctor zon e to said spac e d second coll e ctor zone 
through a mat ori e ntation zon e e xt e nding betw ee n said spac e d first and s e cond coll e ctor zones. 

3^ The m e thod of forming a web of fibrous m e dia of Claim 1, including the stop of 

e x e rting an e xt e mal r e latively vertically cr e ating forc e at a select e d location on at least a portion 
of one of said first and s e cond attenuat e d fe e d paths as said fib e rs approach a longitudinally 
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e xt e nding coll e otor zon e with said fib e rs ev e ntually forming on said immodiatoly prcooding 
rotating coll e ctor zon e having the greater mat permeability. 

2ir^ — A m e thod of forming a web of fibrous filter media comprising: f e eding in a first 

f ee d zon e first filter fib e rs of m e lt blown composition firom first spac e d m e lt blow orifices, said 
first filter fib e rs having a p e rm e abilit>^ in the approximat e range of five (5) to two thousand 
(2000) cubic f ee t p e r minut e p e r squar e foot (ofin/ft^) and a fiber siz e distribution in the 
approximat e rang e of z e ro point on e (0.1) to tw e nty s e v e n (27) micrometors, said first filter 
fib e rs b e ing f e d to a first rotating coll e ctor zon e in succ e ssive lower and upp e r fiber layers in 
s aid first zon e so as to form a first portion of a combin e d filt e r mat; passing said first portion of 
said combin e d filt e r mat through a filter mat orientation f ee d zon e to a s e cond spac e d similarly 
rotating coll e ctor zone to p e ripherally coll e ct th e r e on in s e l e cted position b e tw e en th e first and 
fourth cross s e ctional quadrants of said s e cond spac e d similarly rotating coll e cting zon e ; feeding 
in a s e cond fe e d zon e s e cond filter fibers of m e lt blown composition fi'om s e cond spaced molt 
blown orific e s, the filt e r fibers in both collector zones having a p e rmeability in the approximate 
rang e of thirty (30) to four thousand (1000) cubic foot per minute per squaro foot (cfm/ft^) and a 
fiber size distribution in the approximate rat e of one (1) to fifty (50) micrometers, said second 
filt e r fibers being f e d to said s e cond spac e d collector zon e sourc e in succ e ssiv e low e r and upp e r 
fib e r layers in said coll e ctor s e cond zone to form a s e cond portion of said combined filt e r mat 
ov e rlying said first portion of said filter mat f e d in ori e nted form to said s e cond coll e ctor zone; 
and, passing said combined mat formed of ov e rlying first and s e cond portions to a fiirther work 
zon e , 

33t) A mat of fibrous media comprising: at least a first lay e r e d mat portion of sel e cted 

first fib e r siz e distribution and permeability and at l e ast a s e cond lay e r e d mat portion of selected 
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s e cond fib e r siz e distribution and p e rmeability both said first and s e cond lay e red mat portions 
b e ing of substantially aligned fib e rs of first and second s e l e cted fib e r siz e distributions and 
perm e abilities with each b e ing attenuated as layers fi-om spac e d orific e sourc e s directly to 
s e parat e , spac e d similarly rotating coll e ctor sourc e s with on e of such sources r e c e iving said 
lay e r e d mat portion fi-om th e oth e r imm e diat e ly preceding spac e d rotating coll e ctor sourc e . 

35t) — Th e mat of fibrous m e dia of Claim 22, wh e r e in said first and s e cond lay e r e d mat 

portions ar e combin e d in an int e rsp e rs e d manner. 

34t) — Th e mat of fibrous m e dia of Claim 22, wh e rein said first and s e cond layered mat 

portions or e combin e d in a succ e ssive manner. 

2#t) — Th e mat of fibrous m e dia of Claim 22, wh e r e in at l e ast on e portion of said lay e r e d 

portions is a product of turbul e ntly e ntangl e d fibers with vari e d fiber size distribution. 

36t) — Th e mat of fibrous m e dia of Claim 22, wh e r e in said fib e rs of said first lay e r e d 

portion ar e of m e lt blown composition and said fib e rs of said s e cond lay e r e d portion are of m e lt 
blown composition. 

27t) — Th e mat of fibrous m e dia of Claim 22, wh e r e in said fibers of said first layered 

portion ar e of a fiber fib e r siz e distribution in th e approximate rang e of zero pint one (0.1) to 
tw e nty sev e n (27) microm e t e rs and said s e cond layer e d portion ar e of a fib e r fib e r siz e 
distribution in the approximat e rang e of one (1) to fifty (50) micromet e rs. 

287) — Th e mat of fibrous m e dia of Claim 23, wher e in said fib e rs of said first lay e r e d 

portion or e in the approximat e permeability rang e of five (5) to two thousand (2000) cubic feet 
per minut e p e r square foot (cfin/ft^) perm e ability and said fibers of said s e cond lay e rs ar e in th e 
approximate p e rm e ability range of thirty (30) to four thousand ( 4 000) cubic f ee t p e r minute per 
square foot (cfm/ft^) p e rm e ability. 
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39t) — A mat of fibrous filter media comprising: at least a first lay e r e d filt e r modia mat 

portion of synth e tic m e lt blown oomposition with approximate fiber fiber size distributions being 
in th e approximat e rang e of z e ro point on e (0.1) to twenty s e ven (27) microm e ters and a 
p e rm e ability in th e approximat e rang e of fiv e (5) to two thousand (2000) cubic f ee t p e r minut e 
(ofm/ft^) and, a second successiv e layered filter media mat portion of synthetic m e lt blown 
composition with fib e r fiber siz e distributions b e ing in th e approximat e rang e of one (1) to fifty 
(50) micromet e rs and p e rm e ability in th e approximat e range of thirty (30) to four thousand 
(4000) cubic f ee t p e r minut e per squar e foot (cfin/ft^), e ach layered portion having b ee n 
att e nuated as layers from s e lectively spac e d melt blown orific e sources to s e parate spaced 
coll e ctor sourc e s with on e of such sourc e s r e c e iving said lay e red mat portion fi'om th e other 
immediat e ly preceding coll e ctor source, 

30:) — Apparatus for manufacturing a fibrous mat comprising a first di e sourc e including 

spac e d di e orific e s capable of feeding a first att e nuat e d multiple fib e r layered portion; a first 
selectiv e ly gap spaced longitudinally e xtending fist rotating coll e ctor surfac e to rec e iv e said first 
layered portion; a spac e d s e cond die source including spaced die orific e s capabl e of f e eding a 
s e cond attenuating multipl e fiber layered portion; a second gap spac e d longitudinally e xt e nding 
s e cond similarly rotating collector surface to receive said s e cond fiber lay e r e d portion, said 
second rotating collector surfac e being spac e d form said first rotating coll e ctor surface; and 
transf e r and ori e ntation means positioned between said first and s e cond coll e ctor surfaces to 
ori e nt and transf e r said first lay e r e d mat portion from said first rotating coll e ctor surface from a 
sel e ct e d first cross s e ctional quadrant to a s e lected s e cond cross sectional quadrant of said 
s e cond similarly rotating collector surface. 



24 



Series Apparatus for Forming Layered Fibrous Mat of Differing Fibers and Controlled Surfaces 

Inventor: Choi 
Atty. Dkt:ZM92 1/04004 

3+?) — Th e apparatus for monufaoturing a fibrous mat of Claim 30, and at l e ast one 

lay e r e d mat div e rting apparatus positioned e xt e rnally of one of said di e sources to apply an 
e xt e mal vortioally cr e ating force on port of one of said fiber layer e d portions b e for e said portion 
r e ach e s said coop e rativ e rotating collecting sourc e for said layer e d portion. 

337) — Apparatus for manufacturing a fiber filt e r mat comprising: a first melt blown die 

sourc e including spac e d di e orific e s capable of f ee ding a first attenuat e d multiple filt e r fiber 
layer portion; a first longitudinally ext e nding rotatabl e coUoctor surfac e spac e d form and aligned 
with said first di e sourc e to ev e ntually r e c e iv e said first attenuat e d filt e r fiber portion; a spac e 
s e cond melt blown di e sourc e including spac e d di e orifices capabl e of fe e ding a s e cond 
attenuat e d multipl e filter fib e r portion; a s e cond longitudinally e xt e nding similarly rotatabl e 
coll e ctor surfac e spac e d from and aligned with said second die sourc e to r e c e iv e said s e cond 
att e nuat e d filt e r fib e r portion, said first di e sourc e and said align e d first rotatable coll e ctor b e ing 
spac e d form said second die sourc e and said align e d s e cond similarly rotatable collector; a 
plurality of spac e d longitudinally e xt e nding idler rolls position e d b e tw ee n said first and s e cond 
rotatabl e coll e ctors to orient and transf e r said first lay e r e d mat portion from said first rotatabl e 
collector surfac e form a first s e lect e d cross s e ctional quadrant to a s e cond s e l e ct e d cross 
s e ctional quadrant of said second similarly rotatabl e coll e ctor surfac e ; and at l e ast on e small 
coll e ctor div e rt e r position e d in spac e d r e lation to on e of said di e sources to apply on e xtemal 
vortically cr e ating forc e to part of on e of said fib e r lay e r e d portions b e for e said portion r e ach e s 
said cooperativ e rotatable coll e ctor coll e cting surfac e for said portion, and, an additional w^ork 
station position e d downstr e am said s e cond rotatable coll e ctor to r e c e iv e combined first and 
s e cond mat portions. 



25 



Series Apparatus for Forming Layered Fibrous Mat of Differing Fibers and Controlled Surfaces 

Inventor: Choi 
Atty.Dkt:ZN492 1/04004 

Substitute Absract w/markings 

ABSTRi\CT 

An arrang e m e nt for forming a w e b of fibrous m e dia wh e r e in at l e ast on e formed layorod 

portion is att e nuat e d fi-om a first die soxu'c e solectivoly unto a first coll e ctor and sucoessivoly 
combining such portion with at l e ast anoth e r formed lay e r e d portion which is att e nuat e d from a 
s e cond di e sourc e s e l e ctiv e ly unto a s e cond ooUootor, at l e ast on e of th e out e r surfaces of the wob 
of fibrous m e dia b e ing of comparativ e ly smooth skin lik e natur e to minimiz e proj e cting fiber 

wXIvC37 
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REMARKS 



The above markings denote the deletion of the old specification filed on February 28, 
2004 in its original form and the clean version attached denotes the application in a more clear, 
readable format. Applicant's Attorney is also submitting a preliminary amendment for changes 
to be made to the specification and claims. No new matter was submitted with the substitute 
specification nor with the preliminary amendment. 



Respectfully submitted, 



Steven A. Witters, Reg. No. 53,923 
Middleton Reutlinger 
2500 Brown & Williamson Tower 
Louisville, KY 40202 USA 
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